Certain two-dimensional (2D) materials exhibit intriguing properties such as valley polarization 1 , ferroelectricity 2 , superconductivity 3 and charge-density waves 4,5 . Many of these materials can be manually assembled into atomic-scale multilayer devices 6,7 under ambient conditions, owing to their exceptional chemical stability. Efforts have been made to add a magnetic degree of freedom to these 2D materials via defects, but only local magnetism has been achieved [8][9] [10] . Only with the recent discoveries of 2D materials supporting intrinsic ferromagnetism have stacked spintronic devices become realistic [11] [12] [13] [14] [15] . Assembling 2D multilayer devices with these ferromagnets under ambient conditions remains challenging due to their sensitivity to environmental degradation, and magnetic order at room temperature is rare in van der Waals materials. Here, we report the growth of air-stable ultra-thin epsilon-phase iron oxide crystals that exhibit magnetic order at room temperature. These crystals require no passivation and can be prepared in large quantity by cost-effective chemical vapor deposition (CVD). We find that the epsilon phase, which is energetically unfavorable and does not form in bulk, can be easily made in 2D down to a seven unit-cell thickness. Magneto-optical Kerr effect (MOKE) magnetometry of individual crystals shows that even at this ultrathin limit the epsilon phase exhibits robust magnetism with coercive fields of hundreds of mT. These measurements highlight the advantages of ultrathin iron oxide as a promising candidate towards air-stable 2D magnetism and integration into 2D spintronic devices.
To date, -Fe2O3 has been prepared as nanoparticles with sol-gel methods 19, 20 , thermal annealing 21 and as thin films with pulsed laser deposition 22 , electrodeposition 23 , and atomic layer deposition (ALD) 24 . While these important advances have enabled research into the properties of -Fe2O3, the morphology of the materials produced in these ways prevents potential incorporation into 2D spintronic devices. Here, we show synthesis of ultrathin, 2D crystals with ambient pressure CVD, finding that 2D crystals of -Fe2O3 readily form on both silicon and mica substrates. Electron microscopy and Raman spectroscopy measurements confirm that the crystals are pure -Fe2O3, with no detectable amounts of the more common -Fe2O3 and -Fe2O3, for crystals thinner than approximately 100 nm. Furthermore, MOKE magnetometry of individual crystals show that they are magnetically stable, with coercive fields of hundreds of mT. We observe robust hysteresis even in crystals as thin as 7 nm at room temperature in atmosphere. Moreover, our samples of 2D -Fe2O3 can be readily transferred from growth substrates in aqueous solutions at ambient conditions to arbitrary substrates without any visible structural changes. Finally, despite the fact that these CVDgrown 2D -Fe2O3 crystals are not van der Waals materials, their atomically sharp surfaces and nanoscale thicknesses will allow them to have the potential to be easily integrated with other 2D materials, thereby eliminating the lattice mismatching constraints for design of functional heterostructures. This CVD growth, manipulation, and magnetic study of comparatively large individual crystals is complementary to recent successes in liquid-phase exfoliation of ensembles of nanoscale ultrathin hematite crystals 25 .
-Fe2O3 is not a layered material. It has a orthorhombic structure with lattice constants a = 5.072 Å, b = 8.736 Å, c = 9.418 Å and belongs to the space group of Pna21. 17 There are four independent crystallographically nonequivalent iron sites, denoted as FeA, FeB, FeC and FeD, occupying the center of either the octahedron or tetrahedron formed by surrounding oxygen atoms (Fig. 1a) . We grow samples with standard CVD techniques (see Methods for growth details). Briefly, iron chloride tetrahydrate (FeCl24H2O) powder was placed in an aluminum oxide crucible at the center of furnace, while fluorophlogopite mica was used as a growth substrate for most of the samples discussed here. During the growth process, iron chloride tetrahydrate transitions to the vapor phase of iron chloride and water, then iron chloride reacts with water, oxidizes to -Fe2O3, and finally deposits on the mica substrate. The growth system is protected using Argon as a carrier gas. Ultra-thin crystals of iron oxide with lateral size of ≈10 m readily form using this procedure, and are apparent in optical micrographs (Fig. 1b-d The thinnest crystal we have measured is ≈5.1 nm which is only five unit-cell thickness. The 2D Fe2O3 crystals have smooth surfaces and uniform thicknesses, with standard deviation roughness less than 0.5 nm. Micro-Raman study on these samples (Fig. 2g) shows four peaks between 100 cm -1 and 200 cm -1 , which are the characteristic first-order phonon vibration modes M1-M4 of -Fe2O3, in agreement with previous literature 20 . In comparison, the most stable bulk phase -Fe2O3 has no Raman active modes in this range. Spatially resolved Raman mapping (Fig. 2e, f) further suggests uniformity within individual crystals. No detectable second phase was observed.
We also employed transmission electron microscopy (TEM) to gain further structural insight of the as-synthesized 2D Fe2O3. Fig. 2h is a bright-field TEM image of a 2D Fe2O3 polycrystalline flake. The electron diffraction pattern (Fig. 2h inset) from a randomly selected area can be indexed to the orthorhombic symmetry of -Fe2O3 in the [001] zone axis, consistent with the results from Raman spectroscopy. In addition to examining multiple randomly transferred crystals, we performed TEM and Raman analysis on the same ≈ 100 nm thick crystal by breaking it into two halves. The resulted TEM index matches well with that of Raman analysis (characteristic peaks between 100 cm -1 and 200 cm -1 ), confirming that Raman spectroscopy is an accurate and rapid way to identify 2D -Fe2O3. In total, we have checked 23 crystals with thicknesses range from 5.1 nm to 260 nm. Of these, 22 crystals show the  phase (see Extended Data Fig. 1 ). We next probe the magnetic properties of these 2D -Fe2O3 crystals with longitudinal MOKE measurement at room temperature (295K). The measurement geometry is shown as inset in Fig. 3a , and further details of the measurement and data processing are described in Methods. for samples with thickness ranging from 7.5 nm to 50.1 nm. These loops clearly show roomtemperature magnetic order in ultra-thin -Fe2O3 with well-defined transitions, and coercive fields of hundreds of mT. Noting the difference in the amplitude of the Kerr effect, in particular between the 7.5 nm and 15 nm thick samples ( Fig. 3a and Fig. 3c ), we investigated 15 other crystals with different thicknesses to check for an influence of thickness on magnetic properties. Of these, all show similar room temperature switching behavior, with a mean coercive field of 290 mT and a standard deviation of 80 mT. These results agree well with previous measurements of nanoparticles 17, 21 and thin films of -Fe2O3 22 . To check the robustness of the magnetic properties of our samples at room temperature, we plot the coercive field and the amplitude of the magnetic transitions as a function of sample thickness, as measured by AFM. We find that neither the amplitude of the Kerr effect (Fig.  3e) nor the coercive field (Fig. 3f) correlates with sample thickness. This absence of correlation confirms the robustness of magnetic order in these materials.
This observation is in contrast with other magnetic samples. For example, magnetite (Fe3O4) films 26, 27 and nanoparticles 28 show a strong dependence of coercive field on sample dimensions. In this regard, our data on 2D -Fe2O3 suggests its promising potential in ultracompact information storage applications. Figures 3 and 4) show that the material is highly resistive, with a room temperature resistivity on the order of 100 -m and no observable gate dependence or magnetic field dependence. This is comparable to expectations for the related oxide, hematite 29, 30 , and implies high sample quality through the lack of doping from vacancies or impurities. One distinctive advantage of 2D -Fe2O3 is that these crystals have exceptional stability. Fig.  4a is an AFM image of a crystal stored in ambient condition (T = 24.0 o C, RH = 39%) for over three months. No obvious voids or morphology changes were observed. Height profile analyses across the whole sample (Fig. 4b) reveals that the crystal has smooth surface, with a standard deviation roughness of 0.28 nm and sharp edges. Therefore it is not likely that these 2D -Fe2O3 crystals will be further oxidized, demonstrating extraordinary stability compared to other 2D magnetic materials reported so far. 
Electronic transport measurements (see Extended Data

Conclusion
Ultra-thin 2D -Fe2O3 can be synthesized by a simple ambient CVD technique. MOKE measurements on individual crystals clearly show that 2D -Fe2O3 is magnetically ordered at room temperature with coercive fields of 200 to 400 mT and sharp magnetic transitions, even down to 7.5 nm thickness. Moreover, we find that 2D -Fe2O3 will not degrade under ambient conditions for months. Thanks to these useful and unique properties, -Fe2O3 will be a promising and distinctive platform to explore magnetism in the 2D limit. It is envisioned that new conceptual devices with novel spin functionalities could be developed through heterostructure engineering with other relevant 2D materials in the near future. 
